The general theme of the project is the use of photochemical methods for etching semiconductor surfaces or depositing metals on them. There are two aspects to this work: (a) the photochemical process by which the desired molecular or atomic fragments are deposited on the surfaces and (b) the fate of the atoms once deposited (e.g. motion of the atoms on the surface, island growth, sticking probabilities, etc.)
break up of molecules excited by ultra-short pulses or the effect of very strong laser fields.
Two of our early papers extended the methodology for solving the time dependent Schrodinger equation to include extended wave functions l l and curve-crossing systems. [21 The method developed in ref.
[1] was used to do the first calculation of the atomic relative energy distribution following the dissociation of a diatomic by an extremely strong laser. The absorption and the Raman spectra of a model system were studied in the papers [12] and [17] . These are the first time dependent calculations of such spectra, for two-dimensional systems involving curve crossing. They were based on the method developed in paper [2] . Finally, in paper [14] we were the first to introduce a time dependent method for calculating Moller operators, which can be used to calculate final state energy distribution after dissociation. We applied the method to calculate the initial energy dependence of photon induced recombination of two colliding hydrogen atoms.
All these calculations represent new applications of the time dependent methodology and their purpose was to develop the computational strategy and the physical interpretation. The examples were chosen to illustrate the power of the methodology.
In the papers [21, 22, 24] our aim was to provide a complete interpretation of very recent "femtochemistry" experiments of Zewail, and to predict how the results depend on experimental conditions not yet used in the laboratory. These experiments have received an extraordinary amount of attention from theorists and our work is, so far, the most thorough and definitive.
(b) Reaction rates in surface science quantum systems.Our main effort has been directed towards the development of new methods for computing thermal rates in quantum systems, which-we believe-will A4oo be substantially better than those used before. We have applied them to Guio j hydrogen diffusion on metals, but they are applicable to all reactions in which the reaction coordinate, and few other degrees of freedom, are For quantum mechanical and the medium can be treated classically. properties [4 1 . The correlation function method was extended to give the rate coefficient for systems with more than one electronic state [ 9 1. This methodology was used to study hydrogen motion on Cu(100). Besides providing accurate model calculation we have also clarified a number of important physical questions: (a) the role of hydrogen motion perpendicular to the surface[ 1 3 ' 1 9 ]; (0) the mechanism for randomizing parallel momentumE 191 () the role of multiple jumps [ 1 1 ,19 ] . A major effort has been and is currently devoted to the development of more rigorous and computationally better versions of quantum transition state thcry [ 2 5 ] .
Because it is based on large scale computer simulations the methodology developed in our work has wide applicability. It can be used for calculations of rate coefficients in all quantum systems (e.g. proton, hydrogen atom or electron transfer reactions), in condensed media (liquids, protein, solids, surfaces) or in gas phase. It also provides a logically rigorous and computationally advantageous transition state theory for quantum systems. Furthermore, the method for computing correlation functions can be applied to other phenomena (such as light absorption, Raman line shapes or conductivity) for which the observable of interest can be written as a correlation function.
Other work in the area of kinetic processes at surfaces was concerned with improved efficiency of classical simulations of surface atom dynamics [ 1 81 and its application to study the damage induced by hyperthermal ( low energy E< 30 eV) atomic beams [ 191 . Finally, in paper [2] we reported the first fully quantum mechanical, two dimensional study of H 2 dissociation on a Ni surface. Such studies are useful for assessing the importance of the quantum effects and providing some qualitative insights regarding the factors controlling reaction dynamics. In paper [5] we studied the effect of phase transitions on diffusion measurements using laser induced desorption. This is a very interesting area of research, which we have abandoned due to insufficient personnel.
Finally, we published two papers regarding luminescence and two photon photochemistry at a metal surface. This work was supported by our previous ONR contract and was published with some delay.
Awards and Honors
During the tenure of this grant the principal investigator has been elected:
-Fellow of the American Physical Society -Research Faculty Lecturer at the University of Californa at Santa Barbara (the highest campus honor for a senior faculty member ). This work was very well received. We were invited to present it at international meetings, National ACS and APS meetings, Gordon conferences and in leading chemistry departments.
